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VIBRATION REDUCING HEAD SUSPENSION 
MECHANISM FOR A MAGNETIC DISC UNIT 

[0001] This application is a continuation of co-pending 
application Ser. No. 11,151,525, ?led on Jun. 14, 2005. The 
entire contents are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a head suspension 
mechanism Which is used for a magnetic disc unit such as a 
hard disc mounted on a personal computer and elastically 
supports a head slider to perform recording and regenerating 
to a magnetic disc. More particularly, it relates to a head 
suspension mechanism With a dynamic vibration absorber, 
Which is capable of restraining vibrations caused by an air 
?oW generating due to the high- speed rotation of the magnetic 
disc, especially sWay mode vibrations and second-order tor 
sion mode vibrations that result in a positional shift betWeen 
a head and a recording track. 
[0004] 2. Description of the Related Art 
[0005] A personal computer and the like have convention 
ally used a magnetic disc unit as a recording/regenerating 
medium for information. 
[0006] FIG. 12 is a plan vieW shoWing one example of a 
general magnetic disc unit. As shoWn in FIG. 12, the magnetic 
disc unit D is con?gured so that a magnetic disc body d 
capable of rotating at a high speed is held in a housing B 
consisting of a lid-shaped mating structure (only one is 
shoWn), and a head arm HA, Which is capable of being rotated 
in a substantially radial direction (refer to an arroW mark) of 
the magnetic disc body d by the drive of a voice coil motor 
(VCM) M, is provided so as to face to the magnetic disc body 
d. Also, in a free end part of the head arm HA, there is 
provided a head slider suspension HS that holds a head slider 
(not shoWn) for performing Writing of data to the magnetic 
disc body d and reading of the Written data. 
[0007] In recent years, the capacity and speed of the mag 
netic disc body d have increased. Accordingly, the head slider 
suspension HS is required to have vibration damping proper 
ties so as to prevent the occurrence of vibrations of head 
caused by an air ?oW (turbulent ?oW) generating When the 
magnetic disc body d rotates. 
[0008] FIG. 13 is a perspective vieW of a head suspension, 
shoWing one example of a conventional head suspension 
mechanism. This head suspension 1 includes a ?xed plate 2 
stakingly connected to the aforementioned head arm HA, a 
suspension main frame 3 consisting of a thin metal sheet ?xed 
to the ?xed plate 2, a ?exure 4 ?xed at the tip end of the 
suspension main frame 3, and a head slider 5 ?xed on the 
bottom surface at the tip end of the ?exure 4. 
[0009] In a base part of the suspension main frame 3, a leg 
portion 3a is formed so as to provide ?exural elasticity by 
blanking a central part thereof. Also, at both edges of the 
suspension main frame 3, ?ange portions 3b erecting along 
the edges are formed. 
[0010] In the ?exure 4, a substantially U-shaped slit 4a is 
formed so as to surround a central part thereof, so that by 
elastically ?xing the head slider 5, a load from the suspension 
main frame 3 is applied to a central part of the back surface 
(?xed surface) of the head slider 5. 
[0011] Since the con?guration is as described above, the 
head suspension mechanism supports the head slider 5 for 
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performing recording/ regenerating on the surface of the mag 
netic disc body d rigidly in the in-plane direction (horizontal 
directionIXY direction) and ?exibly in the out-of-plane 
direction (vertical direction:Z direction), and also can per 
form a function of giving a ?xed load force to the head slider 
5 

[0012] Also, since the head suspension mechanism is 
moved in the in-plane direction at a high speed to move the 
head slider 5 to a recording track of the magnetic disc body d 
at a high speed, it is important that the suspension mechanism 
be as light in Weight as possible and moreover be not sub 
jected to vibrations as an elastic body. 

[0013] For this reason, as shoWn in FIG. 13, the suspension 
main frame 3 is formed into a tapered triangular shape by 
using a stainless steel material With a thickness of several tens 
of micrometers, and the ?ange portions 3b erecting vertically 
are formed at both edges of the suspension main frame 3, by 
Which the suspension main frame 3 itself is con?gured so as 
to be light in Weight and have high ?exural rigidity. The 
Flexible ?exural elasticity function of the head suspension 
mechanism is provided in the leg portion 311 for ?xing the 
suspension main frame 3 to the ?xed plate 2. 
[0014] Since the head slider 5 is ?xed to the ?exure 4, the 
head slider 5 is supported ?exibly not only in the out-of-plane 
direction but also the pitching direction and the rolling direc 
tion so as to folloW the vibrations and sWell of the magnetic 
disc surface by means of air ?lm rigidity. 

[0015] FIG. 14 is a perspective vieW of a head suspension, 
shoWing another example of the conventional head suspen 
sion mechanism. In this head suspension, the thickness of the 
suspension main frame 13 is increased as a Whole, by Which 
the ?ange portions 3b of the suspension main frame 3 are 
eliminated. In FIG. 14, the same reference characters are 
applied to elements that are substantially the same as those in 
FIG. 13, and the explanation thereof is omitted. 
[0016] In recent years, the density of track recorded on the 
magnetic disc surface has been becoming high. Accordingly, 
an air ?oW around the suspension, Which is generated by the 
rotation of the magnetic disc body d, induces minute elastic 
vibrations on the order of nanometers, Which becomes a main 
cause for a track positioning error of the head slider 5. 

[0017] Such an elastic vibration has many components hav 
ing a frequency higher than a servo band, and hence cannot be 
restrained by control, so that an excitation vibration itself 
must be reduced. Therefore, it is considered that as shoWn in 
FIG. 15, a restraining multilayer visco-elastic plate 6 is 
a?ixed to the upper surface of the suspension main frame 3 to 
provide damping. 
[0018] This restraining multilayer visco-elastic plate 6 is 
formed into a multilayer structure in Which the upper layer is 
a restraining metal plate 611 and the loWer layer is a visco 
elastic material 6b, and has a construction such that the visco 
elastic material 6b is held betWeen tWo metal plates of the 
suspension main frame 3 and the restraining metal plate 611. 
[0019] The restraining multilayer visco-elastic plate 6 pro 
duces a damping force by means of relative motion betWeen 
the visco-elastic material 6b and the upper and loWer metal 
plates, so that an effect of damping ?exural vibrations of the 
suspension mechanism is great. HoWever, the restraining 
multilayer visco-elastic plate 6 has a problem in that an effect 
of damping torsional vibrations and sWay mode vibrations in 
Which the tip end of suspension vibrates sWingingly in a plane 
is little. 
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[0020] The sway mode vibration is a vibration of a mode in 
which the head slider 5 is vibrated in the track position shift 
direction (Y direction in FIG. 15), and is responsible for a 
shift of track of the head slider 5. Therefore, it is desirable to 
effectively damp the sway mode vibrations excited by an air 
?ow. 
[0021] The torsional vibrations can also be adjusted so as 
not to affect the track position sift and ?oat clearance varia 
tion due to the ?rst-order mode. However, the second-order 
torsion mode vibrations often produce a track shift. 
[0022] Thereupon, it is considered that the sway mode and 
second-order torsion mode vibrations of the head suspension 
mechanism caused by an air ?ow are prevented (refer to Us. 
Pat. No. 5,943,191). 
[0023] FIG. 16 shows a head suspension showing an idea of 
applying a technique similar to the dynamic vibration 
absorber to the head suspension mechanism. 
[0024] In the typical example shown in FIG. 16, a ?xture 14 
is provided with a mustache-shaped damping plate 14a, and a 
frictional force due to relative vibrations of a contact portion 
between the damping plate 14a and a contact plate 15 caused 
when the ?exure 14 is going to vibrate is utiliZed. 
[0025] Such measures are effective when the ?exure 14 
resonates greatly. However, the measures have a drawback in 
that no effect is achieved in the case of minute vibration in 
which the contact portion between the damping plate 14a and 
the contact plate 15 does not shift relatively. 

SUMMARY OF THE INVENTION 

[0026] The present invention has been made to solve the 
above problems, and accordingly an object thereof is to pro 
vide a head suspension mechanism capable of restraining, 
more effectively, sway mode and second-order torsion mode 
vibrations of the head suspension mechanism caused by an air 
?ow. 
[0027] To achieve the above object, an invention of a ?rst 
aspect provides a head suspension mechanism which sup 
ports a head slider rigidly in the in-plane direction and softly 
in the out-of-plane direction, and is provided with a suspen 
sion main frame formed of an elastic cantilever thin sheet, 
which gives a load force to the slider, wherein a ?ange portion 
erecting substantially vertically is formed at both edges near 
a support portion of the head slider of the suspension main 
frame; a portion in which the ?ange portion and the suspen 
sion main frame are continuous is limited to the tip end 
portion of the suspension main frame located near the head 
slider and the remaining portion of the ?ange portion is made 
a free end portion; and a sway mode dynamic vibration 
absorber is formed by the length of the ?ange portion and the 
damping effect of an elastic material provided in the free end 
portion. 
[0028] An invention of a second aspect provides a head 
suspension mechanism which supports a head slider rigidly in 
the in-plane direction and softly in the out-of-plane direction, 
and is provided with a suspension main frame forined of an 
elastic cantilever thin sheet, which gives a load force to the 
slider, wherein a pair of cut-and-raise shaped dual tongue 
shaped elastic plates are provided at positions symmetrical 
with respect to a center axis in almost the same direction as 
the extension direction of the suspension main frame near an 
antinode of second-order torsion mode vibration on the base 
part side of the suspension main frame; and a second-order 
torsion mode dynamic vibration absorber is formed by the 
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length of the dual tongue-shaped elastic plate and the damp 
ing effect of a damping material provided on the surface 
thereof. 
[0029] An invention of a third aspect provides a head sus 
pension mechanism which supports a head slider rigidly in 
the in-plane direction and softly in the out-of-plane direction, 
and is provided with a suspension main frame formed of an 
elastic cantilever thin sheet, which gives a load force to the 
slider, wherein a ?ange portion erecting substantially verti 
cally is formed at both edges near a support portion of the 
head slider of the suspension main frame; a portion in which 
the ?ange portion and the suspension main frame are continu 
ous is limited to the tip end portion of the suspension main 
frame located near the head slider and the remaining portion 
of the ?ange portion is made a free end portion; and a sway 
mode dynamic vibration absorber is formed by the length of 
the ?ange portion and the damping effect of an elastic mate 
rial provided in the free end portion, and a pair of cut-and 
raise shaped dual tongue-shaped elastic plates are provided at 
positions symmetrical with respect to a center axis in almost 
the same direction as the extension direction of the suspen 
sion main frame near an antinode of second-order torsion 
mode vibration on the base part side of the suspension main 
frame; and a second-order torsion mode dynamic vibration 
absorber is formed by the length of the dual tongue-shaped 
elastic plate and the damping effect of a damping material 
provided on the surface thereof. 
[0030] An invention of a fourth aspect provides a head 
suspension mechanism in which a visco-elastic material is 
provided between the free end portion and the suspension 
main frame. 
[0031] An invention of a ?fth aspect provides a head sus 
pension mechanism in which a visco-elastic material is pro 
vided between the dual tongue-shaped elastic plate and the 
suspension main frame. 
[0032] An invention of a sixth aspect provides a head sus 
pension mechanism in which a vibration damping plate mate 
rial consisting of a visco-elastic material layer and a metal 
sheet material layer is provided on the surface of the suspen 
sion main frame. 
[0033] According to the head suspension mechanism in 
accordance with the present invention, the ?ange portion 
having the free end portion on the base part side is formed at 
both edges close to the tip end of the suspension main frame, 
and at the same time, the elastic material is provided in the 
free end portion, and also, the sway mode dynamic vibration 
absorber is formed by the length of the ?ange portion and the 
damping effect of the elastic material. Therefore, sway mode 
vibrations of the head suspension mechanism caused by an air 
?ow can be restrained more effectively. 

[0034] Also, according to the head suspension mechanism 
in accordance with the present invention, the paired cut-and 
raise shaped dual tongue-shaped elastic plates symmetrical 
with respect to the center axis are provided in locations close 
to the base part of the suspension main frame, and at the same 
time, the damping material is provided in the free end portion 
of the dual tongue-shaped elastic plate, and also, the second 
order torsion mode dynamic vibration absorber is formed by 
the length of the dual tongue-shaped elastic plate and the 
damping effect of the damping material. Therefore, second 
order torsion mode vibrations of the head suspension mecha 
nism caused by an air ?ow can be restrained more effectively. 

[0035] Further, the ?ange portion having the free end por 
tion on the base part side is formed at both edges close to the 
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tip end of the suspension main frame, and at the same time, 
the elastic material is provided in the free end portion, and 
also, the sWay mode dynamic vibration absorber is formed by 
the length of the ?ange portion and the damping effect of the 
elastic material; and the paired cut-and-raise shaped dual 
tongue-shaped elastic plates symmetrical With respect to the 
center axis are provided in locations close to the base part of 
the suspension main frame, and at the same time, the damping 
material is provided in the free end portion of the dual tongue 
shaped elastic plate, and also, the second-order torsion mode 
dynamic vibration absorber is formed by the length of the 
dual tongue-shaped elastic plate and the damping effect of the 
damping material. Therefore, sWay mode vibrations and sec 
ond-order torsion mode vibrations of the head suspension 
mechanism caused by an air ?oW can be restrained more 
effectively. 
[0036] Also, the visco-elastic material is provided betWeen 
the free end portion and the suspension main frame or 
betWeen the dual tongue-shaped elastic plate and the suspen 
sion main frame. Therefore, an effect of restraining the sWay 
mode vibrations and second-order torsion mode vibrations of 
the head suspension mechanism caused by an air ?oW can 
further be increased. 
[0037] Also, the vibration damping plate material consist 
ing of the visco-elastic material layer and the metal sheet 
material layer is provided on the surface of the suspension 
main frame. Therefore, an effect of restraining the sWay mode 
vibrations and second-order torsion mode vibrations of the 
head suspension mechanism caused by an air ?oW can further 
be increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] FIG. 1 is a vieW shoWing an embodiment of a head 
suspension mechanism With a dynamic vibration absorber for 
restraining sWay mode vibrations in accordance With the 
present invention, FIG. 1(A) being a perspective vieW of a 
head suspension, FIG. 1(B) being an enlarged side vieW 
shoWing one example of a principal portion, and FIG. 1(C) 
being an enlarged side vieW shoWing another example of the 
principal portion; 
[0039] FIG. 2 is an enlarged vieW shoWing a construction 
and con?guration of an L-shaped dynamic vibration 
absorber; 
[0040] FIG. 3 is an enlarged vieW shoWing an operational 
function of an L-shaped dynamic vibration absorber; 
[0041] FIG. 4 is a perspective vieW of a head suspension, 
shoWing another embodiment of a head suspension mecha 
nism With a dynamic vibration absorber for restraining sWay 
mode vibrations in accordance With the present invention; 
[0042] FIG. 5 is a perspective vieW of a head suspension, 
shoWing an embodiment of a head suspension mechanism 
With a dynamic vibration absorber for restraining second 
order torsion mode vibrations in accordance With the present 
invention; 
[0043] FIG. 6 is a perspective vieW of a head suspension, 
shoWing an embodiment of a head suspension mechanism 
With a dynamic vibration absorber, in Which a plurality of 
dynamic vibration absorbers are installed to restrain sWay 
mode and second-order torsion mode vibrations at the same 

time; 
[0044] FIG. 7 is an enlarged vieW ofa slider; 
[0045] FIG. 8 is a graph of an amplitude characteristic of a 
compliance frequency response function in the Y direction 
(FIG. 8(A)) and in the Z direction (FIG. 8(B)) at a head 
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position of a head suspension mechanism With a dynamic 
vibration absorber for damping sWay mode resonance; 
[0046] FIG. 9 is a graph of an amplitude characteristic of a 
compliance frequency response function in the Y direction 
(FIG. 9(A)) and in the Z direction (FIG. 9(B)) at a head 
position of a head suspension mechanism With a dynamic 
vibration absorber for damping second-order torsion mode 
resonance; 
[0047] FIG. 10 is a graph of an amplitude characteristic of 
a compliance frequency response function in theY direction 
(FIG. 10(A)) and in the Z direction (FIG. 10(B)) at a head 
position of a head suspension mechanism With a dynamic 
vibration absorber, in Which tWo types of dynamic vibration 
absorbers are installed to damp sWay mode and second-order 
torsion mode resonance; 
[0048] FIG. 11 is a perspective vieW of a head suspension, 
shoWing an example in Which a restraining multilayer visco 
elastic material is a?ixed to the embodiment of the present 
invention shoWn in FIG. 6; 
[0049] FIG. 12 is a plan vieW ofa hard disc unit; 
[0050] FIG. 13 is a perspective vieW of a head suspension, 
shoWing an example of a conventional head suspension 
mechanism; 
[0051] FIG. 14 is a perspective vieW of a head suspension, 
shoWing another example of a conventional head suspension 
mechanism; 
[0052] FIG. 15 is a perspective vieW of a head suspension, 
shoWing an example of a conventional head suspension 
mechanism having a restraining visco-elastic damping plate 
material; and 
[0053] FIG. 16 is a perspective vieW of a head suspension, 
shoWing an example of a conventional head suspension 
mechanism having a dynamic vibration absorber. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0054] A head suspension mechanism in accordance With 
the present invention Will noW be described With reference to 
the accompanying draWings. 

First Embodiment 

[0055] FIG. 1 is a perspective vieW of a head suspension, 
shoWing a ?rst embodiment of a head suspension mechanism 
in accordance With the present invention. In FIG. 1 and the 
folloWing ?gures, the same reference characters are applied 
to elements that are substantially the same as those in the 
related art, and the explanation thereof is omitted. 
[0056] A head suspension 21 in accordance With the 
present invention has a suspension main frame 23 formed of 
a thin metal sheet. 

[0057] In a base part of the suspension main frame 23, a leg 
portion 23a is formed so as to provide ?exural elasticity by 
blanking a central part thereof. Also, at both edges of the 
suspension main frame 23, ?ange portions 23b erecting along 
the edges are formed. Further, a free end portion 230 that is 
made free toWard the base part side by cutting substantially 
into an L shape is formed in a location close to the tip end of 
the ?ange portion 23b. The free end portion 230 may have a 
con?guration such that a rising portion ranging from the 
suspension main frame 23 to the ?ange portion 23b is left as 
shoWn in FIG. 1(B), or may have a con?guration such as to be 
formed into a ?ange shape independent of the ?ange portion 
23b Without the rising portion ranging from the suspension 
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main frame 23 to the ?ange portion 23b being left as shown in 
FIG. 1(C). A length L1 close to the tip end of the ?ange 
portion 23b including the free end portion 230 and a length L2 
of the free end portion 230 are set according to sWay mode 
vibrations generated by a rotational force etc. of a magnetic 
disc body d. At this time, the length L2 of the free end portion 
230 is set more strictly than the length L1 close to the tip end 
of the ?ange portion 23b. On the other hand, on the outer 
surface side (or the inner surface side) of the free end portion 
230, a damping material 23d is provided as shoWn in FIG. 2. 
[0058] Thereupon, the free end portion 230 formed inte 
grally of the same material as that of the suspension main 
frame 23 and the damping material 23d a?ixed onto one-side 
surface of the free end portion 230 constitute a dynamic 
vibration absorber. The af?xing region of the damping mate 
rial 23d is determined so as to have a value such that the 
damping effect is optimal, and the damping material 23d can 
be a?ixed onto the inner surface of the free end portion 230 as 
necessary. 
[0059] FIG. 3 is a vieW more detailedly shoWing the vibra 
tion mode and construction When the free end portion 230 
operates as a dynamic vibration absorber. In FIG. 3, the 
illustration of the damping material 23d shoWn in FIG. 2 is 
omitted. The free end portion 230 consists of a beam part a 
and a connecting part b. The beam part a has a property of 
being subjected to ?exural vibrations in the Y direction (the 
in-plane direction of the suspension main frame 23 or the 
track shift direction). Also, the connecting part b has a func 
tion of enhancing a spring effect of ?exural vibration of the 
free end portion 230. FIG. 3 shoWs the ?exural vibration form 
of the beam part a When it functions as a dynamic vibration 
absorber and the deformation of the tip end of the connecting 
part b corresponding to the ?exural vibration form. The sus 
pension side of the connecting part b is integrally connected 
to the suspension main frame 23, so that it vibrates in theY 
direction integrally With the suspension main frame 23 When 
the head suspension mechanism is subjected to sWay mode 
vibrations in the Y direction. Therefore, as shoWn in FIG. 3, 
the displacement of the connecting portion betWeen the con 
necting part b and the beam part a is a bending displacement 
6 in theY direction, and a torsional angle 0t in the direction in 
Which the beam part b is bent also contributes to the bending 
deformation. 

[0060] Regarding the bending frequency of the free end 
portion 230, the length L2 of the beam part a is especially 
important, and it is important to make design so that the 
?rst-order bending frequency approximately coincides With 
the sWay mode frequency of the head suspension mechanism 
in accord With the theory of dynamic vibration absorber. 
Speci?cally, When vieWing a frequency response character 
istic of amplitude in theY direction of the tip end of the head 
suspension mechanism by displacement vibrating the ?xed 
part of the head suspension mechanism or by force vibrating 
the suspension main frame 23, the length L2 of the beam part 
a is determined so that tWo ?xed points P and Q appearing 
near the sWay mode resonance frequency have almost the 
same height. This is referred to as “the length L2 of the beam 
part a is determined so as to meet the coincidence condition in 
accord With the theory of dynamic vibration absorber”. 
[0061] After the length L2 of the beam part a is determined 
so as to meet the aforementioned coincidence condition, the 
free end portion 230 requires proper damping. To provide 
damping, various methods can be considered. A ?rst method 
is to bond the damping material 23d on one surface or both 
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surfaces of the free end portion 230 as shoWn in FIG. 2. As 
described later, the damping effect may be about 10-6 in terms 
of tan 6 of material, and therefore a visco-elastic material has 
only to be bonded or applied. 
[0062] A second method for providing damping, as shoWn 
in FIG. 4, is to ?ll a visco-elastic material 24 in part or in 
Whole of a separation clearance betWeen the beam part a and 
the suspension main frame 23 to provide a damping effect. 
The ?lling region differs depending on the effect of the damp 
ing material 23d and the sWay mode frequency, and thus the 
optimum amount must be determined experimentally accord 
ing to the design conditions of head suspension mechanism 
and the properties of the visco-elastic material 24. 
[0063] After the length L2 of the beam part a is determined 
so as to meet the aforementioned coincidence condition, the 
damping alloWed to act on the beam part a has an optimum 
value. If the damping is too large, a resonance peak appears in 
a central part of tWo resonance frequencies. Inversely, if the 
damping is too small, the peaks of tWo resonance frequencies 
increase. Therefore, if the damping is determined so that the 
peaks of tWo resonance frequencies are in close proximity to 
the ?xed points P and Q, the peaks near the tWo resonance 
frequencies With respect to the disturbance can be made at a 
minimum at the same time. Such an optimum condition of 
damping effect should be determined experimentally because 
the optimum condition depends on the method for providing 
damping and the damping material used. Herein, the method 
for providing damping is shoWn, and the fact that the opti 
mum value can be determined experimentally is emphasiZed. 

Second Embodiment 

[0064] FIG. 5 is a perspective vieW of a head suspension, 
shoWing a second embodiment of a head suspension mecha 
nism in accordance With the present invention. In the second 
embodiment, the aforementioned principle of dynamic vibra 
tion absorber is applied so that second-order torsion mode 
vibrations are damped ef?ciently. In FIG. 5 and the folloWing 
?gures, the same reference characters are applied to elements 
that are substantially the same as those in the related art, and 
the explanation thereof is omitted. 
[0065] A head suspension 31 in accordance With the 
present invention has a suspension main frame 33 formed of 
a thin metal sheet. 

[0066] In a base part of the suspension main frame 33, a leg 
portion 33a is formed so as to provide ?exural elasticity by 
blanking a central part thereof. Also, at both edges of the 
suspension main frame 33, ?ange portions 33b erecting along 
the edges are formed. Further, a pair of dual tongue-shaped 
elastic plates 330 formed into a cut-and-raise shape sym 
metrically With respect to the center axis are formed as an 
additional vibration system for playing a role of dynamic 
vibration absorber in locations close to the base part of the 
suspension main frame 33. The root of the dual tongue 
shaped elastic plate 330 is integrally connected to this sus 
pension main frame 33. The location of this root corresponds 
to an antinode of second-order torsional vibration mode. 
Therefore, the dual tongue-shaped elastic plate 330 is 
vibrated most effectively by an intended second-order torsion 
mode vibrations. Both of the length of the dual tongue-shaped 
elastic plate 330 and the natural frequency of ?exural vibra 
tion are determined so as to meet the condition coinciding 
With the second-order torsional vibration mode in accord With 
the theory of dynamic vibration absorber. 








